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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a wind turbine
blade connector assembly for connecting a blade portion
to a hub portion in a wind turbine rotor as defined in the
preamble of claim 1.

[0002] The present invention further relates to a wind
turbine as defined in the preamble of claim 11.

[0003] The present invention still relates to a method
for connecting a blade portion to a hub portion in a wind
turbine rotor turbine as defined in the preamble of claim
12.

BACKGROUND ART

[0004] Wind turbine blades are connected to wind tur-
bine low speed shaft through a rotor hub. The rotor hub
is rigidly attached to the wind turbine low speed shaft so
that they rotate together when the wind turbine is in use.
[0005] Blade connector assemblies are known in the
art for releasable attachment of the blades to the rotor
hubinawind turbine. Known blade connector assemblies
typically comprise a number of bushings having internal
threads. Bushings are usually arranged in at least one
circularrow orring structure thatis embeddedinto ablade
portion such as the blade root. The bushings are there-
fore distributed along a circumference of the surface of
said blade portion.

[0006] Bushings are adapted for threadably receiving
corresponding threaded bolts or studs which, in turn, are
attached to a portion of the rotor hub. This allows releas-
able securing of the blade to the hub.

[0007] US4915590 discloses one example of blade
connector assembly. A multiplicity of rods is embedded
around the periphery of the blade root parallel to the axis
of the blade. During a bonding process, a substantial
length of the rod is coated with a releasing agent to pre-
vent it from bonding to the blade root except at the se-
curement end out toward the formed blade portion. This
solution involves time consuming bushing embedding
operations as they entail accurate positioning of the mul-
tiplicity of rods.

[0008] It is also known to manufacture the blades for
a wind turbine in one or more moulds in a way that the
blades have integrally moulded bushings for attachment
to the hub. In this respect, solutions are known consisting
in providing an entire ring or ring segments of bushings
integrated in the blade.

[0009] Document US2007065288 teaches a blade
connection assembly comprising bushings that are bond-
ed to the wind turbine blade root. The bushings have
internal threads for mounting studs for releasable attach-
ment of the blade root to the hub. The blade root is made
of two parts that are assembled after hardening. At least
one layer of fibre mat is placed in a mould and a foam
holder is placed on the fibre mat. The holder has spaced
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recesses for accommodation of the bushings. At least
one first layer of fibre mat is provided covering the re-
cesses before placing the bushings. The outer side of
the holder is provided with an adhesive and a shell lam-
inate. Fibre glass strips are arranged between the bush-
ings to extend in the longitudinal direction of the blade.
[0010] The main disadvantage of this blade connector
assembly is that the fibre - bushing interface has a re-
duced contact of the metal cylindrical surface of the bush-
ing to the fibres. In this case, for providing a greater fiber
- bushing contact the bushings should be slightly rough-
ened or with protrusions on the external surfaces such
as barbs or flanges. This undesirably increases the costs
ofthe blade connectorassembly and therefore the overall
costs of the installation.

[0011] Document W003057457 discloses a wind tur-
bine blade connector assembly for connecting a blade
portion to a hub portion in a wind turbine rotor. The con-
nector assembly comprises a number of bushings ar-
ranged in at least a first row along a circumference and
suitable for receiving corresponding studs. Each bushing
is in the form of a wedge shaped elongated body with
first and second end portions, substantially planar upper
and lower parallel faces and concave and convex cylin-
drical lateral faces. Several bushings may be arranged
in parallel to allow the convex lateral faces to engage the
concave lateral faces and such that the longitudinal axes
of the elements extend in parallel along a curve in a plane
perpendicular to the longitudinal axes of the embedding
elements.

[0012] Thecurvedlateralfaces providedinthis solution
are required since the bushings are made of the same
composite material as the blade. This results in a lower
rigidity of the blade connector assembly. Otherwise, the
geometry of the bushings in this solution with curved fac-
es would be difficult and expensive to machine if they
were made of metal.

[0013] Inaddition, it has been found that a critical point
in a wind turbine blade connector assembly is the inter-
face surface between the blade laminate and the ring
structure of bushings. The above solution has the disad-
vantage that the concave and convex lateral faces are
in close contact to each other and therefore no fibres can
be provided between the bushings. This results in a poor
load transfer between the bushings and root blade.

SUMMARY OF THE INVENTION

[0014] The present invention provides a wind turbine
blade connector assembly for connecting a blade portion
to a hub portion in a wind turbine rotor as defined in claim
1 by means of which the above disadvantages can be at
least reduced.

[0015] The presentinventionthereforerelatesto acon-
nector assembly comprising a number of bushings that
are arranged in at least a first row along a circumference.
[0016] The termbushing, orinsert, as used hereinafter
shall refer to elongated pieces or bodies in general that
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are made of metal. Such elongated pieces or bodies are
suitable, that is, sized and shaped, for receiving corre-
sponding bolts or studs.

[0017] The elongated pieces or bodies of the bushings
are provided with internal holes having internal threads
for threadably receiving corresponding threaded bolts or
studs. Within this context, the elongated body of at least
some of the bushings may be solid or it may be hollow,
that is, formed of bent metal plates.

[0018] According to this invention, at least some of the
bushings comprise an elongated body having two lateral
faces extending at least partially into at least one of the
blade portion and the hub portion. The lateral faces of
the bushings are inclined to each other and converging
into respective major and minor faces. This results in that
the body of at least some of the bushings are shaped
substantially in the form of a trapezoidal prism. In at least
some of the bushings, the trapezoidal prism shape could
have at least one of the major and minor faces tapering
towards one end of the bushing.

[0019] Bushings are therefore provided in the form of
aprismwith a substantially trapezoidal shaped cross sec-
tion. However, in some embodiments of the invention,
this trapezoidal geometry could have rounded edges to
the extent of becoming bell shaped. Other equivalent
shapes are not ruled out for the purposes of the invention
such as substantially triangular shaped cross-sections.
In general, smooth rounded surfaces for the bushings
are preferred in order to reduce stress concentrations.
[0020] The particular geometry of the bushings accord-
ing to the present solution allows the manufacturing costs
to be significantly reduced since the bushings are easy
to be manufactured and machined if necessary (inclined
surfaces are easier to machine than curved surfaces).
The bushings can be therefore made of metal and there-
fore rigidity can be advantageously increased over solu-
tions known in the art. As a consequence of the substan-
tially triangular shape of the bushing cross-section they
have greater inertia. Therefore, the blade connection
works better, especially under radial forces.

[0021] Furthermore, the influence of the general ge-
ometry of the bushing with regard to pull-out resistance
has been proven to be very important. Sharp edges have
been shown to be not advantageous with regard to stress
concentrations and may have and adverse effect on pull-
out strength.

[0022] As ageneralrule, itis preferred that the cross-
section of the body of at least some of the bushings in
the blade connection assembly is substantially symmet-
rical about an axis passing through the centre of the blade
portion corresponding to the plane containing said cross-
section.

[0023] This particular geometry of the bushings in the
present blade connection assembly provides an impor-
tant advantage of adding stiffness to the blade root due
to the larger contact surface of the bushings and the fibres
in the blade root. This allows efficiently reducing ovaliza-
tion problems, resulting in that circular parts could be-
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come oval due to structural distortion.

[0024] The particular geometry of the bushings as de-
scribed allows that at least some of the bushings may be
provided with a series of stud receiving holes suitable for
threadably receiving a number of corresponding bolts or
studs. A preferred number of holes is three for the pur-
poses of the present invention. The feature that bushings
are capable of receiving a plurality of studs allows longer
blades to be mounted in the rotor hub without undesirably
increasing the overall size, and therefore weight, of the
rotor. This further allows costs to be significantly reduced.
[0025] The triangle like cross sectional shape of the
body of the bushings allows a preferred bushing embod-
iment suitable for threadably receiving three studs ar-
ranged very close to each other. As compared with other
geometries in prior art solutions, the distance between
the centres of the stud receiving holes in a bushing is
advantageously reduced. This therefore results in more
compact bushings with a reduced general size. The
height of the body of the bushing, that is, the distance
between major and minor faces in a given point in the
length of the bushing according to the invention is signif-
icantly reduced. Therefore, in such a bushing arrange-
ment, space is highly optimized thus making the provision
of fibre mats easier.

[0026] In some embodiments, the bushings could be
arranged in two rows, i.e. in a first row and a second row,
along the circumference one of the blade portion or the
hub portion. By having more than one row, that is, at least
two bolt circles of different diameters, a larger total
number of studs can be provided. This advantageously
results in that suds with smaller diameters can be used
and hence turbine costs can be therefore reduced.
[0027] The rows of bushings, that is, the circular struc-
tures of bushings, may comprise individual bushings or
they may be formed of a single piece, for example a cir-
cular unitary structure formed of a multiplicity of bushings
attached to each other.

[0028] The most preferred embodiment of the blade
connection assembly of the present invention will there-
fore include a number of tapered metal bushings provid-
ed in two bolt circles (each formed with a series of seg-
ments) in which bushings of one bolt circle have comple-
mentary shapes to those of the other bolt circle. In other
words, the bushings of the first row are arranged upside-
down relative to the bushings of the second row and with
the bushings of the first row being fitted between the
bushings of the second row. In some cases, a space is
defined between the bushings in the first row and the
bushings in the second row a space in which fibres are
arranged. This space for fibres is important for ensuring
a proper load transfer.

[0029] The installation of the bushings in the present
blade connection assembly is preferably carried out
through the use of prepregs. Prepregs are uncured com-
posite materials in which fibres have been preimpregnat-
ed with a pre-catalysed resin. The advantage is that the
resin reacts very slowly atroom temperature so they cure
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by heating them to a determined temperature. Through
the use of a prepreg based process, the positioning of
bushings is made easier than other known techniques
such as infusion. This is because of the lower changes
in bushing thickness. The impregnation of the body of
the bushings is also made easier as the prepregs are
already impregnated with resin.

[0030] The present invention further relates to a wind
turbine according to claim 11. This wind turbine according
to the invention comprises a rotor. The rotor includes a
blade and a hub as well as the previously described a
blade connection assembly by means of which the blade
and the hub can be connected to each other through
respective blade and hub portions.

[0031] The present invention still further relates to a
method for connecting a blade portion to a hub portion
in a wind turbine rotor according to claim 12. The method
makes use of the above mentioned blade connection as-
sembly for the releasable connection of the blade and
the hub.

[0032] More particularly, this method comprises at
least providing a first layer of fibre materials, i.e. pre-
impregnated fibre materials in a fibre mat, in a mould,
providing afirstlayer of the previously disclosed bushings
in the required positions on the firstlayer of fibre materials
such that a space is defined between the bushings for
accommodating fibre materials. A second layer of fibre
materials is provided. Then the mould is heated up during
a given period of time, and then cooled down during a
given period of time.

[0033] The above method may further comprise pro-
viding a second layer of bushings and then a third layer
of fibre materials. Likewise, the mould is then heated up
during a given period of time, and subsequently cooled
down during a given period of time.

[0034] Additional objects, advantages and features of
embodiments of the invention will become apparent to
those skilled in the art upon examination of the descrip-
tion, or may be learned by practice of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] Particular embodiments of the present inven-
tion will be described in the following by way of non-lim-
iting examples, with reference to the appended drawings,
in which:

Figure 1 is a perspective view of one bushing that is
part of a first embodiment of a blade connector as-
sembly according to the present invention;

Figure 2 is a perspective view of a partial ring struc-
ture formed of a series of bushings corresponding
to a second embodiment of a blade connector as-
sembly according to the invention;

Figure 3 is a perspective view of a partial ring struc-
ture formed of a series of bushings corresponding
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to athird embodiment of a blade connector assembly
according to the invention;

Figure 4 is a perspective view of a partial ring struc-
ture of bushings corresponding to a fourth embodi-
ment of a blade connector assembly according to
the invention;

Figure 5 is a front elevational view of one bushing of
the embodiment of the blade connector assembly in
figure 3;

Figure 6 is a front elevational view from a blade root
side in which two ring structures of bushings are
shown;

Figure 7 is a side elevational view of a blade root; and

Figure 8 is a longitudinal sectional view of one bush-
ing according to the embodiment of the blade con-
nector assembly in figure 3 taken along line AA’ in
figure 7.

DETAILED DESCRIPTION OF EMBODIMENTS

[0036] The figures enclosed herein show four possible
embodiments of a blade connector assembly according
to the present invention. Like reference numerals refer
to like elements throughout the following description.
[0037] The blade connector assembly has been des-
ignated by reference numeral 100 in the drawings. The
present blade connector assembly 100 is part of a wind
turbine rotor. A typical wind turbine rotor includes a blade
105 (shown in general in figure 7) and a hub (not shown
in the figures). The blade 105 and the hub can be releas-
ably connected to each other through respective blade
and hub portions by means of the present blade connec-
tor assembly 100 which will be disclosed fully below.
[0038] In general, the blade and hub portions may be
any suitable portions thereof for proper releasable con-
nection. Inthe examples shown in the drawings, the blade
portion is the blade root 110 and the hub portion is a
portion in the outer end surface of the rotor hub. The
blade root 110 may comprise a flange portion 115 as
shown in figures 7 and 8. Although not shown, the hub
portion comprises a corresponding flange portion. Both
flange portions form the interface of the blade - hub con-
nection.

[0039] The blade connector assembly 100 comprises
a number of bushings or inserts 200. As shown in the
figures, the bushings 200 are elongated metal pieces.
The bushings 200 are sized and shaped for receiving
corresponding bolts or studs 300. Studs 300 are in turn
attached to the hub portion. Two studs 300 are visible in
figure 8.

[0040] As shown in the embodiments of figures 2 and
3, the bushings 200 of the blade connector assembly 100
are arranged in one row or ring structure R1. The ring
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structure R1 may be a single structure or it may comprise
a number of ring segments each having a number of
bushings 200 that, when placed to one another, form a
complete ring structure R1. Figures 2 and 3 diagrammat-
ically show part of such a ring structure R1, that is, aring
segment.

[0041] As shown in figure 1, the elongated body of
bushing 200 comprise two lateral faces 200a, 200b ex-
tendinginto the blade portion 110. As best shownin figure
8, each bushing 200 extends from the flange portion 115
into the blade root 110. The lateral faces 200a, 200b of
bushings 200 are substantially inclined to each other and
they converge into respective major and minor faces
200c, 200d as it can be clearly seen in figure 5.

[0042] The above configuration results in trapezoidal
prism shaped bushings 200 as shown in figures 1-5, that
is, a prism having a substantially trapezoidal shaped
cross section (see again figure 5 of the drawings). In gen-
eral, the cross-section of the body of the bushings 200
is substantially symmetrical about an axis y passing
through the centre C of the blade portion 110 correspond-
ing to the plane P containing the cross-section of the
bushing 200.

[0043] Although several triangle-like shapes are pos-
sible, the most preferred embodiment as shown in figure
5is the one in which the cross-section of the bushing 200
is shaped in the form of an equilateral triangle. This re-
sults in that the bushings 200 are arranged along the
circumference of the blade root 110 in two bolt circles
R1, R2 as it will explained further below. In this arrange-
ment, the bushings 200 are placed to each other such
that the corresponding confronting faces of adjacent
bushings 200 are substantially parallel to each other.
Other arrangements are of course possible, such as the
one on which the bushings 200 are shaped in cross-sec-
tion in a form other than an equilateral triangle such that
they become arranged with the corresponding confront-
ing faces of adjacent bushings 200 not parallel to each
other as shown in figure 6.

[0044] In the particular embodiment shown in figures
1 and 8, the elongated body of the bushing 200 tapers
towards one end of the blade root 110. As specifically
shown in figure 5, the trapezoidal body of the bushing
200 has rounded edges for the purposes of reducing
stress concentrations.

[0045] Thebushings 200 are provided with stud receiv-
ing holes 250. In the embodiments of figures 1 and 2, the
bushings 200 are each provided with one stud receiving
hole 250, while in the embodiments of figures 3-8, the
bushings 200 are each provided with three stud receiving
holes 250.

[0046] Holes 250 formed in the body of the bushings
200 have inner threads for threadably receiving the cor-
responding bolts or studs 300. To this effect, studs 300
are provided with corresponding threaded portions 310
as shown in figure 7.

[0047] Inthe embodimentin which several stud receiv-
ing holes 250 are provided, e.g. three, said holes 250
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can be arranged very close to each other as shown in
the cross-sectional view of figure 5. The distance d be-
tween the centres of each stud receiving holes 250 is
significantly reduced due to the triangular shaped cross
section of the body of the bushing 200. The small value
of distance d allows the bushings 200 to be compact in
size, that is, with a reduced height h, i.e. having a short
distance between major and minor faces 200c¢,200d.
[0048] A further embodiment of the present blade con-
nector assembly 100 is shown in figure 4. In this embod-
iment, the bushings 200 of the blade connector assembly
100 are arranged in two rows or ring structures R1, R2
along the circumference of the flange portion 115 in the
blade root 110.

[0049] The provision of ring structures R1, R2 results
in two bolt circles being provided having different diam-
eters. As illustrated in figure 4, the bushings 200 of one
ring structure R1 may have complementary shapes to
those of the other ring structure R2, that is, the bushings
200 of one ring structure R1 are arranged upside-down
relative to the bushings 200 of the other ring structure
R2 and fitted ones between others as shown in figure 4.
As stated above, rings R1, R2 may each be formed of a
single structure or they may comprise a number of seg-
ments each having a number of bushings 200 defining
complete ring structures R1, R2.

[0050] Inthe arrangement shown in figure 4, the bush-
ings 200 in different rows R1, R2 define a space between
which fibre material such as prepreg fibres 400 is ar-
ranged. The prepreg fibres 400 allow an easier position-
ing of bushings 200 due to lower changes in bushing
thickness during blade connection manufacturing proc-
ess.

[0051] The blade - hub connection can be carried out
by providing afirstlayer of prepreg fibres 400 into a mould
and then placing a first row R1 of bushings 200 thereon
according to required positions. A second layer of pre-
preg fibres 400 is then placed such as shown in figure 4
of the drawings. A second row R2 of bushings 200 are
subsequently placed on the second layer of prepreg fi-
bres 400 such that shapes of bushings 200 in different
rows R1, R2 are complimentary and defining said space
between the rows R1, R2 of bushings 200 for the fibres
400. Finally, a third layer of prepreg fibres 400 is provided
on the second row R2 of bushings 200. The mould and
therefore the resulting structure are heated up during a
given period of time. The mould and therefore the result-
ing structure is thereafter cooled down during a given
period of time.

[0052] Although only a number of particular embodi-
ments and examples of the invention have been dis-
closed herein, it will be understood by those skilled in the
artthat other alternative embodiments and/or uses of the
invention and obvious modifications and equivalents
thereof are possible. Furthermore, the present invention
covers all possible combinations of the particular embod-
iments described.

[0053] Reference signsrelated to drawings and placed



9 EP 2 551 512 A1 10

in parentheses in a claim, are solely for attempting to
increase the intelligibility of the claim, and shall not be
construed as limiting the scope of the claim. Thus, the
scope of the present invention should not be limited by
particular embodiments, but should be determined only
by a fair reading of the claims that follow.

Claims

1. A wind turbine blade connector assembly (100) for
connecting a blade portion (110) to a hub portion in
a wind turbine rotor, the connector assembly (100)
comprising a number of bushings (200) arranged in
at least a first row (R1; R2) along a circumference
and suitable for receiving corresponding studs (300),
characterised in that at least some of the bushings
(200) comprises an elongated body having two lat-
eral faces (200a, 200b) extending at least partially
into at least one of the blade portion (110) and the
hub portion, the lateral faces (200a, 200b) of the
bushings (200) being inclined to each other and con-
verging into respective major and minor faces (200c,
200d).

2. The connector assembly (100) of claim 1, wherein
the body of at least some of the bushings (200) has
a substantially trapezoidal shaped cross-section.

3. The connector assembly (100) of claim 1 or claim 2,
wherein the body of at least some of the bushings
(200) has rounded edges.

4. The connector assembly (100) of claim 3, wherein
the body of at least some of the bushings (200) is
bell shaped.

5. The connector assembly (100) of any of the preced-
ing claims, wherein the cross-section of the body of
at least some of the bushings (200) is symmetrical
about an axis (y) passing through the centre (C) of
the blade portion (100) corresponding to the plane
(P) containing said cross-section.

6. The connector assembly (100) of any of the preced-
ing claims, wherein at least one of the major and
minor faces (200c, 200d) of the body of atleast some
of the bushings (200) tapers towards one end of the
bushing (200).

7. The connector assembly (100) of any of the preced-
ing claims, wherein the body of at least some of the
bushings (200) is suitable for receiving three studs
(300).

8. The connector assembly (100) of any of the preced-
ing claims, wherein the body of at least some of the
bushings (200) is suitable for threadably receiving
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10.

1.

12.

13.

14.

the studs (300).

The connector assembly (100) of any of the preced-
ing claims, wherein the bushings (200) are arranged
in a first row (R1) and a second row (R2) along the
circumference of one of the blade portion (110) or
the hub portion.

The connector assembly (100) of claim 9, wherein
the bushings (200) of the first row (R1) are arranged
upside-down relative to the bushings (200) of the
second row (R2) and with the bushings (200) of the
firstrow (R1) being fitted between the bushings (200)
of the second row (R2).

A wind turbine comprising rotor including a blade
(105) and a hub, the blade (105) and the hub being
connected to each other through respective blade
and hub portions by means of a blade connector as-
sembly (100) as claimed in any of the preceding
claims.

A method for connecting a blade portion (110) to a
hub portion in a wind turbine rotor, the method com-
prising at least the following steps:

- providing a first layer of fibre materials (400) in
a mould;

- providing a first layer (R1) of bushings (200),
as claimed in any of the claims 1-8, on the first
layer of fibre materials (400);

- providing a second layer of fibre materials
(400);

- heating the mould during a given period of time;
and

- cooling the mould during a given period of time.

The method of claim 12 wherein it further comprises
at least the following steps:

- providing a second layer (R2) of said bushings
(200);

- providing a third layer of fibre materials (400);
- heating the mould during a given period of time;
and

- cooling the mould during a given period of time.

The method of claim 12 or claim 13 wherein the fibre
materials (400) are pre-impregnated fibre materials.
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